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ABSTRACT

The resonance theory of termolecular recombination kinetics

is applied to the reaction D + D + D, — 2D,. The isotope effect,

2 2

i.e., the rate of deuterium recombination compared to that of hydrogen,
is computed over the range 50 - 300%K. From 100° to room temperature

the ratio for D/H is 0.7l (+0.02), in agreement with the experimental
value of Amdur (1935) and a very recent determination by Kaufman, Ham

and Trainar.
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An orbiting resonance theory for three-body recombination
kinetics has been presented [Ll] and applied to the recombination of
hydrogen atoms. Although agreement was obtained with the availsble
experimental evidence at room temperaturé, the disecrepancies among the
various experimental values did not permit a critical check of the
theory. However, a recent investigation by Kaufman et al. [2] on
the relative rates of recombination for deuterium and hydrogen suggests
that an accurate experimental deterwmination of the rvatio will soon
be available, which could be compared with theory. Such a comparison

would be advantageous since systematic errsrs involved in the o

o

mputation
of the deuterium and the hydrogen rates should be spproximately the same.

In this communication we present results of the resonance theovy
calculation for the rerowbination of deuterium atoms, compatible with
the earlier hydrogen work. Since the resonance theory of termolecular
recombination has been fully described [1], only the results pertinent
to the present case will be given.

The assumptions in the theory have been discussed in detail
in connection with the H + H vrecombination. It turns out that the
quantitative criteria used to assess these assumptions do not change
appreciably for the D + D case.

Detailed calculations have been carried out [3], using the lZ +
hydrogenic potential of Koloe and Wolniewicz [4], characterizing the
complete bound and quasibound state spectrum of D2, With this informa-
tion it is possible to compute the resonance contribution to the deuterium

recombination reaction with the =zame accuracy asg for the hydrogen case.
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Data for the relevant orbiting resonances D7 , labeled by theiy rotational

E4

and vibrational quantum numbers j and v, are given in Table 1. The relevant
states represent those complexes with widths Tj gufficiently large
4 " o

- -1 o _— _
(~10 " ecm 7) to meet the "sacond criterion' of Ref. [1].

Values for the equilibrium constants Kea‘ are obtalned divectly

from simple statistical mechanical considerat: J, given the energy

of the complex relatiwve to the separated atoms E, and
quantum number. The rotational de-excitation cross ssctions gi have

again been computed by the renormajized modified wave numbe
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mation [1, 5], using also the previcusly tested "monoenergetd

mation'" [1]. As before, the choice of the three-body interaction to-
gether with the calculation of the votational cross sections using pertur-
bation theory represent the weakest part of the theory. The so-called
vibrational relaxation mechanism, applied successfully to the hydrogen
recombination reaction at elevated temperatures (~2,OOOOK) [6], should
not be important below room temperature where rotational relazation
should play the predominant role [1].

Fig. 1 shows the results of the calculations of krnz (O + D+ D2)

H2

compared with kr , both systems with consistent approximations. The

monoenergetic approximation would wnot affect the higher temperature

values, but displaces the maximum in the rate to slighily lower tempera-

. . Do H 43 y 4 o O o
tures. The ratios k _~2/k 2 should be unaltsred above 100°K. Table

A

2 summarizes the relative rates and compares the raesonance theory with

experiment.



In calculating the deuterium rate constant, successively more
resonance states were added in order to ascertain the convergence
properties of krDZ, The xasults (Table 3), show that after the addition
of the 1l4th state, krDZ (SOOQK} has converged. At lower temperstures
fewer states need be included. For 52, the addition of four morse
quasibound states bayond the six of kef. [1] yields an incerease in
erz of less than 2% fovr T i:BOOOKO
The potential range parameter ¢ and the size parvameter rgga
defined in [1] were chosen to be identical for the rwo igotopilc systewms.
The angular anisotropy parameters,; a and b, of Ref. [1], diffeveantr for
each complex, were obtained from the rms average internuclear separations
"

It is interesting to note that although the resonance theory involves
a detailed calculation over a relatively small (nonstatistical) set of
complexes, the calculation gives the same result for the isotopie ratio
of rates as a simple statistical estimate, namely 1/VZ . At least for
this system it appears that the isotope effect is predominately determined
by the relative speed factor, i.e., that above 100°K the sum, %K;q Gi,
is (essentially) isotopically invariant. A general theoretical proof

of this conjecture is not immediately apparent.

Acknowledgmant

The authors gratefully acknowladge the kind cooperation of
R. J. LeRoy, who performed the calculations characterizing the quasi-

bound and bound state spactrum of deuterium.



o~

TABLE 1. Characteristics of the wmost important resonance

states for deuterium recombination.

‘State Anisotropy o
parametars [1]
i i v Ei(cmwl) %ﬁz}ig {a.w) Fi(cmul) a b

1 6 20 10.1 6.27 0.102 3.46 2.54
2 7 20 37.4 6.73 16.9 3,51 2.63
3 10 19 57.4 5.62 0.474 3.35 2,34
4 11 19 115. 6.12 24.8 3,44 2.50
5 13 18 100. 5,12 0.054 3.21 2.07
6 14 18 - 198. 5.63 15.8 3.35 2.34
7 16 17 204. 4.90 0.236 3.13 1.95
8 17 17 331. 5.36 23.9 3.30 2.22
9 18 16 185. 4.48 1.6%07%  2.96 171
10 19 16 382. 4,85 2.86 3.12 1.93
11 21 15 425, bob7 0.128 2.95 1.75
12 22 15 626. 4,93 21.1 3.14 1.97
13 23 14 478. 4.21 0.006 2.82 1.55
14 24 14 742 4.59 7.10 3.00 1.78




TABLE 2. Relative recombination constants for

deuterium and hydrogen.

Reference x P2/k M2 (%)
Andur (2 | 0.74 + 0.04 303
Kaufman et al.(b) 0.7 298
Present calculations, | 0.71 + 0.02 106G to 300
via resonance theory ¢
(a) ref.[7].
(b) Ref.[2].

, -1 300
(c) Potential parameters [l] are o = 2.0 a.u. and Top = 4.5 a.u.
TABLE 3. Convergence of the calculated termolecular
recombination constant for deuterium at BOOOK(ED=

i states included 10—15 krbz(cmeole—zsec“l)

1 to 10 3.31
1o 11 3.33
1to 12 3.35
1 to 13 3.36
1 to 14 3.36
(a)k Potential parametérs {1] ave o = 2.0 a&uumlrand Eggo = 4.5 a.un

same as for HZ‘
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Figure Caption

Fig. 1. GCalculated recombination rate constants for H2 and DZ'
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